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Book Review
The book Mitochondria and Free Radicals inNeurode-Exploring Mitochondria
generative Diseases by Beal, Howell, and Bodis-Wollnerin Neurodegenerative Diseases contains an impressive overview of the role of mitochon-
drial dysfunction as the primary effector of, or relevant
mechanism leading to, neurodegeneration. In the 26
Mitochondria and Free Radicals in Neurodegenerative chapters featured in this book, the authors guide the
Diseases reader from the basic concepts of mitochondrial func-
By M. Flint Beal, Neil Howell, and Ivan Bodis-Wollner tion and free radical generation to the role of mitochon-
New York: Wiley-Liss (1997). 610 pp., $99.95. drial defects in disease. Topics covered include the
mechanism of mitochondrial dysfunction in excitotox-
icity, the role of mitochondria as a source of oxidative
stress in apoptosis and neurodegeneration, the role of
Mitochondria became an integral part of eukaryotic cells mitochondrial DNA mutations in the onset of disease,
as a result of a mutually advantageous bargain between and possible therapeutic approaches. The majority of
an archaic opportunistic bacterium and a host cell. The the chapters gathered by the authors are informative
terms of this agreement included a dangerous clause: and very well written, and provide a high quality presen-
should the cell attempt to eliminate the mitochondrion, tation of the current knowledge regarding the impair-
or should the latter cease to supply ATP, the result would ment of mitochondrial function in neurodegenerative
be reciprocal elimination. Furthermore, it is now clear conditions. The implications of mitochondrial DNA mu-
that in addition to generating energy for cell function tations for the onset of neurodegeneration are exhaus-
and survival, mitochondria also store factors that, when tively described in several chapters; less emphasized
released, can cause cell death. To prevent their elimina- are mechanisms by which mutations in nonmitochon-
tion during evolution, these factors are obviously also drial genes may lead to mitochondrial dysfunction.
involved in maintenance of mitochondrial function and One of the general themes of the book revolves around
cell survival. the energy-linked excitotoxicity hypothesis, which sug-
Mitochondrial dysfunction may indeed be involved in gests that a primary energy failure would lead to partial
the development of neurodegenerative diseases such
as Huntington's, Parkinson's, and Alzheimer's diseases
and ischemic brain damage. Genetic mitochondrial de-
fects are also a probable primary pathogenic cause of
some neurodegenerative conditions. Of the z1300
genes that the archaic bacteria carried into the host cell,
only 13 protein-coding genes have been retained by
mitochondria, supported by 22 tRNA and 2 rRNA genes.
Mitochondrial DNA has unique characteristics. It is be-
lieved to be maternally inherited, and mutations create
a heterogeneous population of normal and altered mole-
cules that are distributed randomly in daughter cells.
Mutations in protein-coding genes, or in nuclear genes
that encode for mitochondrial proteins, can result in
neurodegenerative conditions, including Leber heredi-
tary optic neuropathy (LHON) and mitochondrial en-
cephalophathy lactic acidosis and stroke-like episodes
(MELAS) syndrome. The proportion of mutated mito-
chondrial DNA correlates with the extent of the energy
impairment, while the probability of mutations increases
with age. This reflects the variability of the clinical pre-
sentation of mitochondrial diseases and the possibility
that accumulating mitochondrial defects may underlie
normal or pathological aging.
The higher mutation frequency observed in mitochon-
drial DNA compared with nuclear DNA may be the result
of the high oxidative stress in these organelles. Mito-
chondria are a common endogenous source of oxygen
radicals that may become harmful when produced in
excess. Because of the tremendous energy demand of
neurons, mitochondrial alterations and oxidative stress
may be particularly relevant for the onset of disease in
neuronal populations.
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hypopolarization of neurons, thereby releasing the volt-
age-dependent Mg21 block of the N-methyl-D-aspartate
(NMDA) receptor/channel. The receptor/channel would
thus become hypersensitive to glutamate stimulation
and excitotoxicity. NMDA receptor±mediated influx of
Na1 and Ca21 would increase the energy demand, en-
hance depolarization, trigger further [Ca21]i increase,
and stimulate glutamate release. This self-propagating
process would eventually lead to excitotoxic cell death.
The role of mitochondria and oxygen radicals in the
development of excitotoxicity is presented in several
chapters of the book, but rather than being excessively
repetitive, each chapter provides a somewhat different
perspective of this central issue. It would have perhaps
been desirable to dedicate more space to the role of
mitochondria as active effectors of cell death. In addition
to the excellent chapter written by Anne N. Murphy and
Dale E. Bredesen on the role of radical production in
apoptosis, a chapter describing the debate about the
role of permeability transitionand/or outermitochondrial
membrane damage in the release of pro-apoptotic fac-
tors would have been a welcome contribution. Some of
these pro-apoptotic factors (i.e., cytochrome c, or the
apoptosis-inducing factor), when released from partially
damaged mitochondria, can lead to activation of cas-
pases, which are the predominant proteolytic system
involved in the signaling and execution of apoptosis.
The role of energy depletion in the decision between an
apoptotic or necrotic mode of cell death has also be-
come a central issue in research on cell death in neuro-
degeneration, which may have deserved more attention
in this book. Nevertheless, it is important to bear in mind
that research on mitochondria and mechanisms of cell
death is developing so rapidly that some of these issues
were likely not characterized at the time the book was
conceived. Finally, although the structure of the mito-
chondrion has been the subject of continuous investiga-
tion since the second half of the last century, only re-
cently have electron tomography and new imaging
techniques been used to elucidate the three-dimen-
sional structure of the mitochondrion and its relationship
to other subcellular compartments. It would have been
nice to describe the current views on mitochondrial
structure in an introductory chapter, as a complement
to the beautiful three-dimensional image from Carmen
Mannella's lab of a mitochondrion, which is reproduced
on the book's cover (Figure 1).
Overall, the book by Flint Beal and his colleagues is
an outstanding compilation of state-of-the-art research
on the role of mitochondria and oxidative stress in neu-
rodegenerative diseases. Its excellent editorial format,
the contributions by leaders in the field, and the bal-
anced view of the literature make this book essential
reading for both the student and the scientist involved
in research on mitochondria and neurodegeneration. I
considered the time taken to read it well spent.
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